Background:
INTRODUCTION
Even though rotator cuff tears are the most frequent tendon injury in adults, the natural history of conservatively treated full-thickness tears still remains a matter of debate.
A review of cadaver and radiologic studies revealed a prevalence of rotator cuff tears of at least 10% in people over the age of 60 in the United States [1] . Numbers of rotator cuff surgeries performed per year in the United States are estimated between 75,000 to 250,000 patients [2] . These numbers indicate that actually less than 5% of patients in the United States with rotator cuff tears are treated surgically.
Depending on the patient cohort, failure rates of surgical repair of rotator cuff tears have been reported between 25 and 90% [3 -11] . However, clinical results of those with intact repairs and those with failed repairs in terms of imaging are often comparable [12] .
Furthermore, as the economic value provided by surgical procedures is becoming increasingly important due to aging population and rising health-care costs, the decision about surgical vs. non-surgical treatment has also become one about cost-effectiveness [13] .
Sound knowledge of the expected evolution in tear size is of great relevance for counseling patients towards either surgical or nonoperative management [14] . According to the force couple concept introduced by Burkhart et al. [15] , the rotator cuff muscles act as force couples with each other and the deltoid, containing the inherently unstable glenohumeral joint. The coronal force couple is built up by the deltoid and supraspinatus and compresses the humeral head to the glenoid in abduction. The axial force couple consists of the subscapularis and infraspinatus, providing a compressive joint reaction force in the transverse plane increasing joint stability [16] . As torn tendons cannot participate in load sharing, the tensile load on the remaining fibers is increasing [16] . As an example, a shoulder with a massive posterosuperior tear requires greater forces by both the deltoid and the intact muscle tendon units of the rotator cuff, mainly the subscapularis, to achieve stable abduction [17] . This can contribute to the extension of a tear, particularly if the remaining tendon is of poor quality.
On the other hand, rotator cuff tendon healing is a complex, cell-mediated process following the stepwise progression of inflammatory, proliferative and remodeling phases [18] . Of interest, Hernigou et al. recently revealed that the level of mesenchymal stem cells (MSCs), which are of great relevance for the structural healing at the tendonbone-interface, in the greater tuberosity was siginificantly reduced in patients with rotator cuff tear, emphasizing the potential for biologic augmentation for these patients [19] .
Treatment options providing pain relief and improvement of symptoms are not necessarily equivalent with healing of the damaged tissues. Symptoms may get better over time, with still little or no healing response within the tendon. Discussions and evidence regarding non-operative treatment options that both provide relief of symptoms and promote healing at the cellular level is lacking in the literature.
Activity modification, stretching and strengthening exercises of the deltoid and periscapular musculature, antiinflammatory use, and corticosteroid injections have been suggested [20 -22] .
A systematic review from 2010 analyzing 137 studies concluded that all studies had a high risk of bias and that evidence of various operative and non-operative treatments for rotator cuff tears was limited and inconclusive [23] .
Appropriate patient counseling and selection is of particular importance for non-operative management. The patient has to be aware that non-operative treatment does commonly not cure or repair the tear, but may improve symptoms. Ideally, the patients should have largely intact rotator cuff force couples and pain as the primary symptom. For those who decide to live with their functional limitations imposed by the rotator cuff tear and wish to avoid perioperative risks, non-operative management is indicated.
Study Background and Reported Clinical Outcomes
Goldberg et al. reported the functional outcome of 46 consecutive patients with full-thickness rotator cuff tears who elected nonoperative management. The tear patterns of this patient cohort were heterogeneous, ranging from singletendon tears to three-tendon tears and one third of unspecified tear pattern. Treatment consisted only of patient education and a home program of gentle stretching and strengthening without any formal physical therapy (PT). At an average follow-up of 2.5 years, 59% of the patients experienced improvement with non-operative treatment, while 30% patients experienced worsening, and 11% patients remained unchanged [24] . This study is of particular interest as it did not include any formal PT or other non-operative intervention, therefore being close to representing the natural history of rotator cuff tears.
A study on 19 patients with an average age of 64 years and massive rotator cuff tears (among these 68% of 3-tendon-tears) and non-operative management revealed a mean relative Constant score of 83% and a mean subjective shoulder value (SSV) of 68% after a mean 4-year follow-up. However, it also showed an increasing size of the tendon tear, progress of fatty infiltration according to the Goutallier classification by one stage on average, and progression of glenohumeral osteoarthritis. Half of the tears that were initially graded as reparable were considered as irreparable at final follow-up. The results of patients with 3-tendon tears were significantly worse than those of patients with 2-tendon tears. The authors concluded that satisfactory shoulder function can be maintained despite progression of the rotator cuff tears and adverse joint changes [25] .
Maman et al. retrospectively analyzed 54 patients (mean age of 59 years) with nonoperatively managed rotator cuff tears. Their patient cohort was rather heterogeneous, with 56% of full-thickness tears, 44% of partial-thickness tears, and 10% combined. Size of the tear was also variable, with 83% single-tendon tears and 17% of large or massive tears. Follow-up was also variable and showed more often progression in tear size in patients who were followed for more than 18 months compared to those with a follow-up of less than 18 months. Fifty-two percent of the full-thickness tears increased in size compared to only 8% of the partial-thickness tears. Of interest, 8.5% of tears decreased in size. They found remarkably better results for patients younger than 60 years (17% patients deteriorating over time) compared to patients older than 60 years (54% deteriorating). Twenty-four percent of patients with full-thickness tears developed supraspinatus muscle atrophy, compared to none who had partial-thickness tears. Patients with fatty muscular infiltration were more likely to increase in tear size [26] .
Among 195 patients that were prospectively followed as a cohort for 2 years, Mall and coworkers found that 40% of patients with partial-thickness tears progressed to full-thickness tears over the 2-year study period [27] . Safran and coworkers prospectively followed 51 patients younger than 60 years with full-thickness rotator cuff tears who underwent non-operative management. At a mean follow-up of 29 months, ultrasound examination revealed that 49% of the tears had increased in size, 43% had not changed, and 8% had decreased in size. On the initially intact contralateral shoulders, 25% developed a new full-thickness rotator cuff tear. The authors did not find any correlation between behaviour of tear size and age, sex, prior trauma, and initial tear size. The only relevant correlation was found between an increase in tear size and considerable pain at follow-up, which matches clinical expectations [14] . The authors concluded that surgery should be initially considered in these younger patients to prevent an increase in size of the rotator cuff tear.
Of interest, these findings by Safran et al. [14] highlighting the rather poor outcomes in younger patients are somewhat contradictory to those of Maman et al. [26] who found worse results in older patients.
On the other hand, Fucentese and coworkers reported surprisingly good clinical and magnetic resonance imaging (MRI) results on 24 consecutive patients with a mean age of 52 years and isolated full-thickness supraspinatus tears who were offered surgical management, but elected nonoperative treatment. At a mean follow-up of 3.5 years, the mean Constant score was 75 points with a relative Constant score of 86%; the subjective shoulder score was 74%. Contradictory to the findings of Zingg [25] Mall [27] , and Safran [14] , the mean rotator cuff tear size did not significantly change over time in their cohort. Of interest, the tear size got smaller on MRI in 37.5% shoulders and was even no longer detectable on MRI in 8.3% of the patients. Another 37.5% of tears have kept their original size, and only 25% had increased in size. Fatty muscle infiltration of the supraspinatus slightly increased over time, but did not exceed Goutallier stage 2 in any patient at the latest follow-up [28] . However, this study only dealt with small rotator cuff tears (supraspinatus tendon only), not allowing to extrapolate these results for larger tears as well.
Boorman et al. recently presented their results of a prospective cohort of 93 patients with chronic full-thickness rotator cuff tears undergoing a three-month supervised program of non-operative treatment. 75% of the patients were successfully treated without surgery. The baseline Rotator Cuff Quality-of-Life Index (RC-QOL) score was a significant predictor of outcome. Of particular interest, 89% of the patients maintained their three-month outcome at two years of follow-up [29] .
Adding to this information, Yamaguchi et al. followed the natural history of 45 patients with initially asymptomatic rotator cuff tears over a 5-year period. They demonstrated that 51% of these patients became symptomatic after a mean of 2.8 years, with a high risk for tear size progression over time [30] . This raises the question whether the commonly used 2-year follow-up is sufficient to estimate the true success of therapeutic regimens.
Moosmayer et al. randomized 103 patients with rotator cuff tears up to 3 cm diameter to either primary tendon repair or physical therapy. They had a remarkably high five-year follow-up rate of 98%. 23.5% of the patients in the physiotherapy group failed non-operative management and finally underwent secondary tendon repair. The results of these patients were significantly inferior to those who underwent primary tendon repair in terms of pain, satisfaction, and clinical scores. In the physiotherapy group, 37% of rotator cuff tears increased by more than 5 mm in tear size over five years, which was associated with an inferior outcome. The authors concluded that primary repair of small and medium-sized rotator cuff tears yielded better outcomes than non-operative management with physiotherapy, with however small differences that may be below clinical importance [31] .
The MOON shoulder group investigated 434 patients with a mean age of 62.7 years and symptomatic atraumatic rotator cuff tears treated nonoperatively regarding predictors of shoulder activity level. They found that shoulder activity was not associated with severity of the rotator cuff tear, but negatively associated with age and female sex [32] .
Physical Therapy
As the vast majority of patients obtain physical therapy (PT) after their surgical repair, it is hard to differentiate the pure effect of surgery alone from the potential benefit by PT postoperatively regarding outcomes [33] .
In 1993, Bokor and coworkers presented the results of non-operative management of 53 patients with a mean age of 62 years and full-thickness rotator cuff tears with a remarkable average follow-up of 7.6 years. The treatment program consisted of non-steriodal anti-inflammatory drugs (NSAIDs), stretching, strengthening, and occasional steroid injections. Even though 94% of the patients had evidence of muscular weakness and 56% had demonstrable muscle atrophy at follow-up, 74% of the patients reported only slight or no shoulder discomfort. Among those patients who had presented within three months of injury, even 86% rated their result as satisfactory. On the other hand, those patients who initially presented with shoulder pain for more than 6 months, only 56% were satisfied with their result [34] . The size of tears was not reported in this study though, therefore requiring some precaution with the interpretation of the results.
A physiotherapy regimen focused on anterior deltoid strengthening and functional rehabilitation was applied to 10 elderly patients with massive rotator cuff tears. After a 3-month follow-up, the Oxford Shoulder Disability Questionnaire showed a mean improvement of 9, while pain scores on the SF 36 increased on average by 22 points and the perceived health subsection declined by 9 points [35] .
The MOON shoulder group followed a multicentric cohort of 452 patients with atraumatic full-thickness rotator cuff tears over 2 years of non-operative management. Patients pursued a standardized physical therapy program including daily postural exercises, active and active assisted range of motion, active training of scapula muscles; daily anterior and posterior shoulder stretching; and three times per week strengthening of the rotator cuff and periscapular muscles exercises. Physical therapists provided manual mobilization as needed, and progressed the patient to a home therapy program when ready. Patients had to complete a compliance diary regarding their PT visits and the frequency of home therapy.
Patients then returned for evaluation at 6 and 12 weeks. Clinical outcomes including Short Form 12 score, American Shoulder and Elbow Surgeons score, Western Ontario Rotator Cuff score, Single Assessment Numeric Evaluation score, and Shoulder Activity Scale, all improved significantly at 6 and 12 weeks. Less than 25% of the patients crossed over to surgical management, the majority of these between 6 and 12 weeks after initiation of the physical therapy program. This left 75% of the patients who were satisfied with non-operative treatment after 2 years of follow-up [33] . The strength of this study consists in its large patient cohort and standardized physical therapy protocol. As a limitation, no MRI follow-up was performed, which would have added to the value of the study.
Corticosteroid Injections
For partial thickness rotator cuff tendon tears, corticosteroid injections can provide pain relief and improve associated limited range of motion [36 -39] .
In a 6 month follow-up after fluroscopically guided subacromial steroid injection, symptom relief was demonstrated in 83% of patients [39] . However, no longer follow-up data is available until today.
Alvarez and coworkers conducted a randomized clinical trial comparing subacromial injection of xylocaine plus betamethasone to xylocaine alone in patients with chronic rotator cuff tendinosis or partial rotator cuff tears. Fifty-eight patients with failure of 6 weeks of PT and 2 weeks of NSAIDs were included and re-evaluated at 2, 6, 12, and 24 weeks after injection.
Both groups showed significant improvement in all outcomes compared to the initial baseline. No statistically significant difference was found between the two treatment groups for all outcomes and time intervals [40] .
Wei et al. investigated the influence of subacromial corticosteroid injections on rotator cuff tendons in rats by examining the type-III to type-I collagen expression ratio as a tendon injury marker. They found that a single dose of corticosteroid did not alter the acute phase response in rats with injured tendons, with however the same steroid dose initiating a short-term response equivalent to that of structural injury in rats with uninjured tendons [41] . Even though a rat trial, these results indicate that the effects of corticosteroid injections on human tendons require further clarification and that such injections should be used carefully.
Contreras et al. found a 40% failure rate after subacromial corticosteroid injection in a cohort of 49 patients with a mean follow-up of 22 months. The success rate was significantly higher in men (76%) than in women (45%). Neither age, hand dominance, duration of symptoms, or any clinical score was predictive for failure of non-operative management [42] .
Gialanella et al. performed a randomized controlled clinical trial including 60 patients on the effect of intraarticular triamcinolone injections in patients with symptomatic rotator cuff tears. They found that a single injection of triamcinolone provided significant pain relief for an average of 3 months compared to the control group, without any benefit by another injection after 3 weeks. The Constant-Murley scores of all groups, including the control group, were similar at 3 months of follow-up [43] . This study, in synopsis with Wei´s study [41] , indicates that corticosteroid injections should better not be repeated within short time intervals.
Hyaluronic Acid
Shibata et al. performed a randomized study on 78 patients with rotator cuff tears, comparing injections of 25 mg of sodium hyaluronate (SH group) to 2 mg of dexamethasone (steroid group). Injections were repeated once a week for 5 consecutive weeks. At an average 6-month follow-up, they found comparable rates of therapeutic success of 39.5% in the SH group and and 35% in the steroid group [44] . Compared to other studies investigating non-operative treatment options, this is a rather low succes rate.
A study on 22 elderly patients with a mean age of 78 years evaluated the efficacy of hyaluronic acid injections, followed by PT consisting of passive and active assisted kinesitherapy. The authors found significant improvements for pain, range of motion, and autonomy in daily life activities [45] .
PRP
Platelet rich plasma (PRP) has been suggested as a method to enhance rotator cuff healing by accelerating the natural healing cascade [46, 47] . However, all studies until today have only investigated the influence of PRP as an adjunct to rotator cuff repair. This topic is dealt with in detail in another review paper of this special thematic issue. Studies investigating the effects of PRP only in non-operative treatment of rotator cuff tears are lacking.
CONCLUSION
Data from clinical outcomes studies investigating non-operative management of rotator cuff tears are contradictory. Most studies show an overall success rate of around 75% for conservative treatment. However, the majority of studies also shows a progression of tear size and fatty muscle infiltration over time, with however debatable clinical relevance for the patient. Suggested factors associated with progression of a rotator cuff tear are an age of 60 years or older, fullthickness tears, and fatty infiltration of the rotator cuff muscles at the time of initial diagnosis.
Non-operative management is a reasonable treatment option for patients with low functional demands and moderate symptoms, and/or of course for those refusing to have surgery.
For patients undergoing non-operative management, close routinely monitoring regarding development of tear size by magnetic resonance imaging should be performed, especially if these patients remain symptomatic. For patient counseling, it has to be taken into account that 1) tears that are initially graded as reparable may become irreparable over time, and 2) results after secondary surgical therapy after failed non-operative treatment are usually reported to be inferior to those who underwent primary tendon repair.
